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(54) ELECTRONIC DEVICE CONFIGURED TO COMPENSATE FOR ERROR IN BIOIMPEDANCE

VALUE

(67)  According to various embodiments, an electron-
ic device may comprise: a biological body contact circuit
including four electrodes; a current-voltage measure-
ment module including a power supply port, a current
measurement port, a first voltage measurement port, a
second voltage measurement port, an alternating current
signal generator electrically connected to the power sup-
ply port, an ammeter electrically connected to the current
measurement port, and a voltmeter interposed between
and electrically connected to the first voltage measure-
ment port and the second voltage measurement port; a
processor; a memory electrically connected to the proc-
essor to store the characteristic impedance values of cir-
cuit elements interposed between and electrically con-
nected to the current-voltage measurement module and
the biological body contact circuit, and to store values for
parasitic impedance stemming from parasitic elements
existing between the biological body contact circuit and
a ground; and a current-voltage path configuration mod-
ule configured to electrically connect the biological body
contact circuit to the power supply port, the current meas-
urement port, the first voltage measurement port, and
the second voltage measurement port such that the volt-
age path and current path of the biological body contact
circuit can be changed under control of the processor.
Various other embodiments are also possible.
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Description
Technical Field

[0001] Various embodiments of the disclosure relate to an electronic device configured to measure a bioimpedance
by using an electrode.

Background Art

[0002] An electronic device may acquire biometric information related to the health care of a user. For example, the
electronic device may include a bio-contact circuit having four electrodes, may apply an electric signal to the bio-contact
circuit, and may measure the current and voltage of the bio-contact circuit by an ammeter and a voltmeter. The electronic
device may acquire a bioimpedance value by using the current/voltage measurement value. Based on the acquire
biometric information, the electronic device may provide the user with various types of heath information (for example,
heart rate information, blood glucose information, or stress information), or may provide exercise coaching based on
the biometric information.

Disclosure of Invention
Technical Problem

[0003] If four electrodes contact a living body, parasitic components unintended in the circuit design stage may exist
between respective electrodes and the ground. An impedance resulting from such a parasitic component may cause a
leakage of an electric signal. For this reason, a bioimpedance measurement error may occur.

[0004] According to various embodiments of the disclosure, an electronic device may compensate for a leakage of
an electric signal resulting from a parasitic component during bioimpedance measurement, thereby acquiring an accurate
bioimpedance value.

Solution to Problem

[0005] According to various embodiments, an electronic device may include: a bio-contact circuit including four elec-
trodes; a current-voltage measurement module including a feeding port, a current measurement port, a first voltage
measurement port, a second voltage measurement port, an alternating-current signal generator electrically connected
to the feeding port, an ammeter electrically connected to the current measurement port, and a voltmeter electrically
connected between the first voltage measurement port and the second voltage measurement port; a processor; a memory
electrically connected to the processor and configured to store a characteristic impedance value of a circuit element
electrically connected between the current-voltage measurement module and the bio-contact circuit and to store a value
of parasitic impedance caused by a parasitic component existing between the bio-contact circuit and a ground; and a
current-voltage path configuration module configured to electrically connect the bio-contact circuit to the feeding port,
the current measurement port, the first voltage measurement port, and the second voltage measurement port such that
a voltage path and a current path on the bio-contact circuit are changed under the control of the processor, wherein the
memory stores instructions which, when executed, cause the processor to: control the current-voltage path configuration
module to sequentially configure a first current-voltage path, a second current-voltage path, a third current-voltage path,
and a fourth current-voltage path in the bio-contact circuit such that, in connection with each of the current-voltage paths,
one of two electrodes of the voltage path matches with one of two electrodes of the current path, and no bio-impedance
is included on the voltage path; receive, from the current-voltage measurement module, first current/voltage values
measured in a state in which the first current-voltage path constitutes the bio-contact circuit, and obtain a firstimpedance
measurement value by using the first current/voltage values; receive, from the current-voltage measurement module,
second current/voltage values measured in a state in which the second current-voltage path constitutes the bio-contact
circuit, and obtain a second impedance measurement value by using the second current/voltage values; receive, from
the current-voltage measurement module, third current/voltage values measured in a state in which the third current-
voltage path constitutes the bio-contact circuit, and obtain a third impedance measurement value by using the third
current/voltage values; receive, from the current-voltage measurement module, fourth current/voltage values measured
in a state in which the fourth current-voltage path constitutes the bio-contact circuit, and obtain a fourth impedance
measurement value by using the fourth current/voltage values; correct the first impedance measurement value, the
second impedance measurement value, the third impedance measurement value, and the fourth impedance measure-
ment value by using the characteristic impedance value and the parasitic impedance value, so as to obtain contact
impedance values of the four electrodes, respectively; control the current-voltage path configuration module to configure
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a fifth current-voltage path in the bio-contact circuit such that one of two electrodes of the fifth voltage path matches with
one of two electrodes of the fifth current path, and the bio-impedance is included on the fifth current path and the fifth
voltage path; receive, from the current-voltage measurement module, fifth current/voltage values measured in a state
in which the fifth current-voltage path constitutes the bio-contact circuit, and obtain a fifthimpedance measurement value
by using the fifth current/voltage values; and acquire the bio-impedance value by using contact impedance values of
electrodes located on at least the fifth voltage path among the contact impedance values, the fifth impedance measure-
ment value, the characteristic impedance value, and the parasitic impedance value.

Advantageous Effects of Invention

[0006] According to various embodiments of the disclosure, an electronic device can correct errors of contact imped-
ance measurements values of four electrodes, respectively, resulting from a parasitic impedance, and can acquire
accurate bio-impedance values by using the corrected values.

Brief Description of Drawings
[0007]

FIG. 1 illustrates an electronic device in a network environment according to various embodiments;

FIG. 2 illustrates an electronic device configured to correct an error in values of bio-impedance caused by leakage
of an electrical signal due to a parasitic component according to various embodiments of the disclosure;

FIG. 3 is a circuit diagram of a path configuration module according to various embodiments of the disclosure;
FIG. 4 illustrates an electronic device according to various embodiments of the disclosure;

FIG. 5A illustrates a current-voltage path configured in a bio-contact circuit according to a first control signal of Table
1, and FIG. 5B illustrates an equivalent circuit corresponding to the current-voltage path of FIG. 5A;

FIG. 6A illustrates a current-voltage path configured in a bio-contact circuit according to a second control signal of
Table 1, and FIG. 6B illustrates an equivalent circuit corresponding to the current-voltage path of FIG. 6A;

FIG. 7A illustrates a current-voltage path configured in a bio-contact circuit according to a third control signal of
Table 1, and FIG. 7B illustrates an equivalent circuit corresponding to the current-voltage path of FIG. 7A;

FIG. 8A illustrates a current-voltage path configured in a bio-contact circuit according to a fourth control signal of
Table 1, and FIG. 8B illustrates an equivalent circuit corresponding to the current-voltage path of FIG. 8A;

FIG. 9A illustrates a current-voltage path configured in a bio-contact circuit according to a fifth control signal of Table
1, and FIG. 9B illustrates an equivalent circuit corresponding to the current-voltage path of FIG. 9A;

FIG. 10A illustrates a front surface of an electronic device according to an embodiment, FIG. 10B illustrates a rear
surface of the electronic device, and FIG. 10C illustrates an example of biometric measurement using the electronic
device;

FIG. 11A illustrates a front view of an electronic device according to an embodiment, and FIG. 11B illustrates an
example of biometric measurement using the electronic device;

FIG. 12A illustrates an oscilloscope waveform that appears when the body does not come in contact with four
electrodes, and FIG. 12B illustrates an oscilloscope waveform that appears when the body comes in contact with
four electrodes; and

FIG. 13 is a circuit diagram of a path configuration module according to various embodiments of the disclosure.

Mode for the Invention

[0008] Fig. 1is ablock diagram illustrating an electronic device 101 in a network environment 100 according to various
embodiments. Referring to Fig. 1, the electronic device 101 in the network environment 100 may communicate with an
electronic device 102 via a first network 198 (e.g., a short-range wireless communication network), or an electronic
device 104 or a server 108 via a second network 199 (e.g., a long-range wireless communication network). According
to an embodiment, the electronic device 101 may communicate with the electronic device 104 via the server 108.
According to an embodiment, the electronic device 101 may include a processor 120, memory 130, an input device 150,
a sound output device 155, a display device 160, an audio module 170, a sensor module 176, an interface 177, a haptic
module 179, a camera module 180, a power management module 188, a battery 189, a communication module 190, a
subscriber identification module(SIM) 196, or an antenna module 197. In some embodiments, at least one (e.g., the
display device 160 or the camera module 180) of the components may be omitted from the electronic device 101, or
one or more other components may be added in the electronic device 101. In some embodiments, some ofthe components
may be implemented as single integrated circuitry. For example, the sensor module 176 (e.g., a fingerprint sensor, an
iris sensor, or an illuminance sensor) may be implemented as embedded in the display device 160 (e.g., a display).



10

15

20

25

30

35

40

45

50

55

EP 3 884 861 A1

[0009] The processor 120 may execute, for example, software (e.g., a program 140) to control at least one other
component (e.g., a hardware or software component) of the electronic device 101 coupled with the processor 120, and
may perform various data processing or computation. According to one embodiment, as atleast part of the data processing
or computation, the processor 120 may load a command or data received from another component (e.g., the sensor
module 176 or the communication module 190) in volatile memory 132, process the command or the data stored in the
volatile memory 132, and store resulting data in non-volatile memory 134. According to an embodiment, the processor
120 may include a main processor 121 (e.g., a central processing unit (CPU) or an application processor (AP)), and an
auxiliary processor 123 (e.g., a graphics processing unit (GPU), an image signal processor (ISP), a sensor hub processor,
or a communication processor (CP)) that is operable independently from, or in conjunction with, the main processor 121.
Additionally or alternatively, the auxiliary processor 123 may be adapted to consume less power than the main processor
121, or to be specific to a specified function. The auxiliary processor 123 may be implemented as separate from, or as
part of the main processor 121.

[0010] The auxiliary processor 123 may control at least some of functions or states related to at least one component
(e.g., the display device 160, the sensor module 176, or the communication module 190) among the components of the
electronic device 101, instead of the main processor 121 while the main processor 121 is in an inactive (e.g., sleep)
state, or together with the main processor 121 while the main processor 121 is in an active state (e.g., executing an
application). According to an embodiment, the auxiliary processor 123 (e.g., an image signal processor or a communi-
cation processor) may be implemented as part of another component (e.g., the camera module 180 or the communication
module 190) functionally related to the auxiliary processor 123.

[0011] The memory 130 may store various data used by at least one component (e.g., the processor 120 or the sensor
module 176) of the electronic device 101. The various data may include, for example, software (e.g., the program 140)
and input data or output data for a command related thererto. The memory 130 may include the volatile memory 132 or
the non-volatile memory 134.

[0012] The program 140 may be stored in the memory 130 as software, and may include, for example, an operating
system (OS) 142, middleware 144, or an application 146.

[0013] The inputdevice 150 may receive a command or data to be used by other component (e.g., the processor 120)
of the electronic device 101, from the outside (e.g., a user) of the electronic device 101. The input device 150 may
include, for example, a microphone, a mouse, a keyboard, or a digital pen (e.g., a stylus pen).

[0014] The sound output device 155 may output sound signals to the outside of the electronic device 101. The sound
output device 155 may include, for example, a speaker or a receiver. The speaker may be used for general purposes,
such as playing multimedia or playing record, and the receiver may be used for an incoming calls. According to an
embodiment, the receiver may be implemented as separate from, or as part of the speaker.

[0015] The display device 160 may visually provide information to the outside (e.g., a user) of the electronic device
101. The display device 160 may include, for example, a display, a hologram device, or a projector and control circuitry
to control a corresponding one of the display, hologram device, and projector. According to an embodiment, the display
device 160 may include touch circuitry adapted to detect a touch, or sensor circuitry (e.g., a pressure sensor) adapted
to measure the intensity of force incurred by the touch.

[0016] The audio module 170 may converta sound into an electrical signal and vice versa. According to anembodiment,
the audio module 170 may obtain the sound via the input device 150, or output the sound via the sound output device
155 or a headphone of an external electronic device (e.g., an electronic device 102) directly (e.g., wiredly) or wirelessly
coupled with the electronic device 101.

[0017] The sensor module 176 may detect an operational state (e.g., power or temperature) of the electronic device
101 or an environmental state (e.g., a state of a user) external to the electronic device 101, and then generate an electrical
signal or data value corresponding to the detected state. According to an embodiment, the sensor module 176 may
include, for example, a gesture sensor, a gyro sensor, an atmospheric pressure sensor, a magnetic sensor, an accel-
eration sensor, a grip sensor, a proximity sensor, a color sensor, an infrared (IR) sensor, a biometric sensor, a temperature
sensor, a humidity sensor, or an illuminance sensor.

[0018] The interface 177 may support one or more specified protocols to be used for the electronic device 101 to be
coupled with the external electronic device (e.g., the electronic device 102) directly (e.g., wiredly) or wirelessly. According
to an embodiment, the interface 177 may include, for example, a high definition multimedia interface (HDMI), a universal
serial bus (USB) interface, a secure digital (SD) card interface, or an audio interface.

[0019] A connecting terminal 178 may include a connector via which the electronic device 101 may be physically
connected with the external electronic device (e.g., the electronic device 102). According to an embodiment, the con-
necting terminal 178 may include, for example, a HDMI connector, a USB connector, a SD card connector, or an audio
connector (e.g., a headphone connector).

[0020] The haptic module 179 may convert an electrical signal into a mechanical stimulus (e.g., a vibration or a
movement) or electrical stimulus which may be recognized by a user via his tactile sensation or kinesthetic sensation.
According to an embodiment, the haptic module 179 may include, for example, a motor, a piezoelectric element, or an
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electric stimulator.

[0021] The camera module 180 may capture a stillimage or moving images. According to an embodiment, the camera
module 180 may include one or more lenses, image sensors, image signal processors, or flashes.

[0022] The power management module 188 may manage power supplied to the electronic device 101. According to
one embodiment, the power management module 188 may be implemented as at least part of, for example, a power
management integrated circuit (PMIC).

[0023] The battery 189 may supply power to at least one component of the electronic device 101. According to an
embodiment, the battery 189 may include, for example, a primary cell which is not rechargeable, a secondary cell which
is rechargeable, or a fuel cell.

[0024] The communication module 190 may support establishing a direct (e.g., wired) communication channel or a
wireless communication channel between the electronic device 101 and the external electronic device (e.g., the electronic
device 102, the electronic device 104, or the server 108) and performing communication via the established communi-
cation channel. The communication module 190 may include one or more communication processors that are operable
independently from the processor 120 (e.g., the application processor (AP)) and supports a direct (e.g., wired) commu-
nication or a wireless communication. According to an embodiment, the communication module 190 may include a
wireless communication module 192 (e.g., a cellular communication module, a short-range wireless communication
module, or a global navigation satellite system (GNSS) communication module) or a wired communication module 194
(e.g., alocal area network (LAN) communication module or a power line communication (PLC) module). A corresponding
one of these communication modules may communicate with the external electronic device via the first network 198
(e.g., a short-range communication network, such as BluetoothTM, wireless-fidelity (Wi-Fi) direct, or infrared data as-
sociation (IrDA)) or the second network 199 (e.g., a long-range communication network, such as a cellular network, the
Internet, or a computer network (e.g., LAN or wide area network (WAN)). These various types of communication modules
may be implemented as a single component (e.g., a single chip), or may be implemented as multi components (e.g.,
multi chips) separate from each other. The wireless communication module 192 may identify and authenticate the
electronic device 101 in a communication network, such as the first network 198 or the second network 199, using
subscriber information (e.g., international mobile subscriber identity (IMSI)) stored in the subscriber identification module
196.

[0025] The antenna module 197 may transmit or receive a signal or power to or from the outside (e.g., the external
electronic device) of the electronic device 101. According to an embodiment, the antenna module 197 may include an
antenna including a radiating element composed of a conductive material or a conductive pattern formed in or on a
substrate (e.g., PCB). According to an embodiment, the antenna module 197 may include a plurality of antennas. In
such a case, at least one antenna appropriate for a communication scheme used in the communication network, such
as the first network 198 or the second network 199, may be selected, for example, by the communication module 190
(e.g., the wireless communication module 192) from the plurality of antennas. The signal or the power may then be
transmitted or received between the communication module 190 and the external electronic device via the selected at
least one antenna. According to an embodiment, another component (e.g., a radio frequency integrated circuit (RFIC))
other than the radiating element may be additionally formed as part of the antenna module 197.

[0026] At least some of the above-described components may be coupled mutually and communicate signals (e.g.,
commands or data) therebetween via an inter-peripheral communication scheme (e.g., a bus, general purpose input
and output (GPIO), serial peripheral interface (SPI), or mobile industry processor interface (MIPI)).

[0027] According to an embodiment, commands or data may be transmitted or received between the electronic device
101 and the external electronic device 104 via the server 108 coupled with the second network 199. Each of the electronic
devices 102 and 104 may be a device of a same type as, or a different type, from the electronic device 101. According
to an embodiment, all or some of operations to be executed at the electronic device 101 may be executed at one or
more of the external electronic devices 102, 104, or 108. For example, if the electronic device 101 should perform a
function or a service automatically, or in response to a request from a user or another device, the electronic device 101,
instead of, orin addition to, executing the function or the service, may request the one or more external electronic devices
to perform at least part of the function or the service. The one or more external electronic devices receiving the request
may perform the at least part of the function or the service requested, or an additional function or an additional service
related to the request, and transfer an outcome of the performing to the electronic device 101. The electronic device
101 may provide the outcome, with or without further processing of the outcome, as at least part of a reply to the request.
To that end, a cloud computing, distributed computing, or client-server computing technology may be used, for example.
[0028] The electronic device according to various embodiments may be one of various types of electronic devices.
The electronic devices may include, for example, a portable communication device (e.g., a smartphone), a computer
device, a portable multimedia device, a portable medical device, a camera, a wearable device, or a home appliance.
According to an embodiment of the disclosure, the electronic devices are not limited to those described above.

[0029] It should be appreciated that various embodiments of the present disclosure and the terms used therein are
not intended to limit the technological features set forth herein to particular embodiments and include various changes,
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equivalents, or replacements for a corresponding embodiment. With regard to the description of the drawings, similar
reference numerals may be used to refer to similar or related elements. It is to be understood that a singular form of a
noun corresponding to an item may include one or more of the things, unless the relevant context clearly indicates
otherwise. As used herein, each of such phrases as "A or B," "at least one of A and B," "at least one of A or B," "A, B,
or C," "at least one of A, B, and C," and "at least one of A, B, or C," may include any one of, or all possible combinations
of the items enumerated together in a corresponding one of the phrases. As used herein, such terms as "1st" and "2nd,"
or "first" and "second" may be used to simply distinguish a corresponding component from another, and does not limit
the components in other aspect (e.g., importance or order). Itis to be understood that if an element (e.g., a first element)
is referred to, with or without the term "operatively" or "communicatively", as "coupled with," "coupled to," "connected
with," or "connected to" another element (e.g., a second element), it means that the element may be coupled with the
other element directly (e.g., wiredly), wirelessly, or via a third element.

[0030] As used herein, the term "module"” may include a unit implemented in hardware, software, or firmware, and
may interchangeably be used with other terms, for example, "logic," "logic block," "part," or "circuitry". A module may be
a single integral component, or a minimum unit or part thereof, adapted to perform one or more functions. For example,
according to an embodiment, the module may be implemented in aform of an application-specific integrated circuit (ASIC).
[0031] Various embodiments as set forth herein may be implemented as software (e.g., the program 140) including
one or more instructions that are stored in a storage medium (e.g., internal memory 136 or external memory 138) that
is readable by a machine (e.g., the electronic device 101) . For example, a processor(e.g., the processor 120) of the
machine (e.g., the electronic device 101) may invoke at least one of the one or more instructions stored in the storage
medium, and execute it, with or without using one or more other components under the control of the processor. This
allows the machine to be operated to perform at least one function according to the at least one instruction invoked. The
one or more instructions may include a code generated by a complier or a code executable by an interpreter. The
machine-readable storage medium may be provided in the form of a non-transitory storage medium. Wherein, the term
"non-transitory" simply means that the storage medium is a tangible device, and does not include a signal (e.g., an
electromagnetic wave), but this term does not differentiate between where data is semi-permanently stored in the storage
medium and where the data is temporarily stored in the storage medium.

[0032] According to an embodiment, a method according to various embodiments of the disclosure may be included
and provided in a computer program product. The computer program product may be traded as a product between a
seller and a buyer. The computer program product may be distributed in the form of a machine-readable storage medium
(e.g., compact disc read only memory (CD-ROM)), or be distributed (e.g., downloaded or uploaded) online via an appli-
cation store (e.g., PlayStoreTM), or between two user devices (e.g., smart phones) directly. If distributed online, at least
part of the computer program product may be temporarily generated or at least temporarily stored in the machine-
readable storage medium, such as memory of the manufacturer’s server, a server of the application store, or a relay server.
[0033] According to various embodiments, each component (e.g., a module or a program) of the above-described
components may include a single entity or multiple entities. According to various embodiments, one or more of the
above-described components may be omitted, or one or more other components may be added. Alternatively or addi-
tionally, a plurality of components (e.g., modules or programs) may be integrated into a single component. In such a
case, according to various embodiments, the integrated component may still perform one or more functions of each of
the plurality of components in the same or similar manner as they are performed by a corresponding one of the plurality
of components before the integration. According to various embodiments, operations performed by the module, the
program, or another component may be carried out sequentially, in parallel, repeatedly, or heuristically, or one or more
of the operations may be executed in a different order or omitted, or one or more other operations may be added.
[0034] FIG. 2illustrates an electronic device 200 configured to correct an error in values of bio-impedance caused by
leakage of an electrical signal due to a parasitic component according to various embodiments of the disclosure. Referring
to FIG. 2, the electronic device 200 (e.g., the electronic device 101 of FIG. 1) includes a bio-contact circuit 210, a current-
voltage measurement module 240, a current-voltage path configuration module 250, and a processor 260 (e.g., the
processor 120 of FIG. 1). At least one of the bio-contact circuit 210, the current-voltage measurement module 240, or
the current-voltage path configuration module 250 may be an element (e.g., a biometric sensor) included in the sensor
module 176 of FIG. 1.

[0035] According to various embodiments, the bio-contact circuit 210 may include four electrodes 211, 212, 213, and
214, four ports 221, 222, 223, and 224, and four circuit elements 231, 232, 233, and 234.

[0036] The electrodes 211,212, 213, and 214 are disposed on the surface of the electronic device 200 so as to come
in contact with a biological body, and thus may be electrically connected to each other through the biological body. The
first electrode 211 may be electrically connected to the first port 221 through the first circuit element 231. The second
electrode 212 may be electrically connected to the second port 222 through the second circuit element 232. The third
electrode 213 may be electrically connected to the third port 223 through the third circuit element 233. The fourth electrode
214 may be electrically connected to the fourth port 224 through the fourth circuit element 234.

[0037] Each of the circuit elements 231, 232, 233, and 234 may include electronic components (e.g., capacitors and
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resistors) for removing a direct current component from an electrical signal flowing from a corresponding port to a
corresponding electrode (or vice versa). The circuit elements 231, 232, 233, and 234 may each have ZS1, ZS2, ZS3,
and ZS4 as impedance components given during circuit design, and these impedance components may be referred to
as characteristicimpedances. Impedance components ZC1,ZC2,ZC3, and ZC4 may be generated between the biological
body and the electrodes 211, 212, 213, and 214, respectively, and may be referred to as contact impedances. The
contact impedances may change according to the surface condition (skin condition) of the biological body. The contact
impedance may also change depending on the frequency of an applied electrical signal. An impedance component ZB
existing between the contact impedances is a component to be acquired, and ZB may be referred to as a bio-impedance.
Impedance components ZP1, ZP2, ZP3, and ZP4, which are not intended during circuit design, may be parasitic between
the electrodes 211, 212, 213, 214 and the ground (for example, the ground of the electronic device 200), respectively
(References 1 to 5), and the impedance components may be referred to as parasitic impedances. Electrical signals
(e.g., current and/or voltage) may leak from the bio-contact circuit 210 toward the ground due to parasitic components,
and as aresult, an error in the bio-impedance to be acquired may occur due to the leakage of the electrical signal. The
value of the parasitic impedance may be obtained through an impedance analysis device.

Reference 1: Brian A. Mazzeo, "Parasitic capacitance influence of potential-sensing electrodes on four-electrode
liquid impedance measurements", Journal of Applied Physics 105, 094106 (2009)

Reference 2: Brian. A. Mazzeo, and Andrew J. Flewitt, "Two- and four-electrode, wide-bandwidth, dielectric spec-
trometer for conductive liquids: Theory, limitations, and experiment", Journal of Applied Physics 102, 104106 (2007)
Reference 3: Damjan Pelc, Sanjin Marion, and Mario Basletic, "Four-contact impedance spectroscopy of conductive
liquid samples", Review of Scientific Instruments 82, 073907 (2011)

Reference 4: Sverre Grimnes and @rjan G Martinsen, "Sources of error in tetrapolar impedance measurements on
biomaterials and other ionic conductors”, Journal of Physics D: Applied Physics, vol. 40, no. 1 (2007)

Reference 5: S. Brigati, G. Caiulo, F. Maloberti, and G. Torelli, "Active Compensation of Parasitic Capacitances for
Very High Frequency CMOS DACs", IEEE International Symposium on Circuits and Systems (1993)

[0038] According to various embodiments, the current-voltage measurement module 240 may include a feeding port
245, a current measurement port 246, a first voltage measurement port 247, a second voltage measurement port 248,
an AC signal generator 241, an ammeter 242, and a voltmeter 243.

[0039] The feeding port 245 and the current measurement port 246 may be electrically connected to the bio-contact
circuit 210 through the current-voltage path configuration module 250.

[0040] The AC signal generator 241 may generate an electrical signal and may apply the electrical signal to the bio-
contact circuit 210 through the feeding port 245.

[0041] The ammeter 242 may receive an electrical signal from the bio-contact circuit 210 through the current meas-
urement port 246, measure the current of the received electrical signal, and transmit the current measurement value to
the processor 260.

[0042] The first voltage measurement port 247 and the second voltage measurement port 248 may be electrically
connected to the bio-contact circuit 210 through the current-voltage path configuration module 250.

[0043] The voltmeter 243 may measure a voltage between the first voltage measurement port 247 and the second
voltage measurement port 248, and may transmit the voltage measurement value to the processor 260.

[0044] According to various embodiments, the current-voltage path configuration module (hereinafter, the path con-
figuration module) 250 may electrically connect the ports 221, 222, 223, and 224 of the bio-contact circuit 210 to the
current-voltage measurement module 240 under the control of the processor 260.

[0045] According to various embodiments, the processor 260 may control the path configuration module 250 to con-
figure a current path established from one of the electrodes 211, 212, 213, 214 to another electrode. The processor 260
may control the path configuration module 250 to configure a voltage path established from one of the electrodes 211,
212,213, and 214 to another electrode.

[0046] The processor 260 may control the path configuration module 250 to configure the voltage path such that one
of the two electrodes of the voltage path matches with one of the two electrodes of the current path, the other one of
the two electrodes of the voltage path is different from the other one of the two electrodes of the current path, and no
bio-impedance ZB is included on the voltage path. For example, the processor 260 may configure a current-voltage path
in the bio-contact circuit 210 such that the first electrode 211 is included on the current path and the voltage path and
no bio-impedance ZB is included in the voltage path.

[0047] The processor 260 may receive, from the ammeter 242 or the voltmeter 243, a current or voltage value measured
in a state in which the current-voltage path constitutes the bio-contact circuit 210. The processor 260 may measure the
impedance of the first electrode 211 (including an error caused by the parasiticimpedance ZP1 between the first electrode
211 and the ground) on the current/voltage path, by using the received current/voltage values. The processor 260 may
measure the impedances of the remaining electrodes 212, 213, and 214 in the same manner as described above.
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[0048] Accordingtoanembodiment, the processor 260 may transmit a first control signal (e.g., bio-impedance inclusion
OFF, polarity swapping OFF, and current-voltage swapping OFF) to the path configuration module 250 in order to
measure the contact impedance of the second electrode 212. For example, in the case of "bio-impedance inclusion
OFF", the bio-impedance ZB may not be included in the voltage path. When the polarity swapping signal changes from
an OFF state to an ON state, a start electrode and an end electrode may be switched in the current path. For example,
in a state in which a current path is established from the first electrode 211 to the second electrode 212, if the polarity
swapping signal is changed from an OFF state to an ON state, the current path may be switched to a current path
established from the second electrode 212 to the first electrode 211. When the current-voltage swapping signal is
changed from an OFF state to an ON state, the start electrode and end electrode may be switched in the voltage path.
For example, in a state in which the voltage path is established from the fourth electrode 214 to the second electrode
212, if the current-voltage swapping signal is changed from an OFF state to an ON state, the voltage path may be
switched to a voltage path established from the second electrode 212 to the fourth electrode 214. Paths established
according to various combinations of bio-impedance inclusion ON/OFF, polarity swapping ON/OFF, and current-voltage
swapping ON/OFF may be summarized as shown in Table 1 below.

[0049] The path configuration module 250 may connect the first port 221 to the feeding port 245 and connect the
second port 222 to the current measurement port 246 in response to the first control signal. Accordingly, a first current
path established from the first electrode 211 to the second electrode 212 may be formed in the bio-contact circuit 210.
The path configuration module 250 may connect the fourth port 224 to the first voltage measurement port 247 and
connect the second port 222 to the second voltage measurement port 248 in response to the first control signal. Ac-
cordingly, a first voltage path established from the fourth electrode 214 to the second electrode 212 may be formed in
the bio-contact circuit 210. The processor 260 may receive, from an ammeter 242 and a voltmeter 243, current/voltage
values measured in a state in which a first current-voltage path including the first current path and the first voltage path
constitutes the bio-contact circuit 210. The processor 260 may measure the impedance of the second electrode 212
(including an error caused by the parasitic impedance ZP2 between the second electrode 212 and the ground), by using
the received current/voltage values.

[0050] The processor 260 may change the current-voltage path in order to measure the contact impedance of the
fourth electrode 214. For example, the processor 260 may transmit a second control signal (e.g., bio-impedance inclusion
OFF, polarity swapping OFF, and current-voltage swapping ON) to the path configuration module 250. The path con-
figuration module 250 may connect the third port 223 to the feeding port 245, connect the fourth port 224 to the current
measurement port 246, and connect the second port 222 to the first voltage measurement port 247, and connect the
fourth port 224 to the second voltage measurement port 248 in response to the second control signal. Accordingly, a
second current-voltage path, which includes a second current path established from the third electrode 213 to the fourth
electrode 214 and a second voltage path established from the second electrode 212 to the fourth electrode 214, may
be formed in the bio-contact circuit 210. The processor 260 may receive the measured current/voltage values from the
ammeter 242 and the voltmeter 243 in a state in which a second current-voltage path constitutes the bio-contact circuit
210. The processor 260 may measure the impedance of the fourth electrode 214 (including an error caused by the
parasiticimpedance ZP4 between the fourth electrode 214 and the ground), by using the received current/voltage values.
[0051] The processor 260 may change the polarity of the current in order to measure the contact impedance of the
first electrode 211. For example, the processor 260 may transmit a third control signal (e.g., bio-impedance inclusion
OFF, polarity swapping ON, and current-voltage swapping OFF) to the path configuration module 250. The path con-
figuration module 250 may connect the second port 222 to the feeding port 245, connect the first port 221 to the current
measurement port 246, and connect the third port 223 to the first voltage measurement port 247, and connect the first
port 221 to the second voltage measurement port 248 in response to the third control signal. Accordingly, a third current-
voltage path, which includes a third current path established from the second electrode 212 to the first electrode 211
and a third voltage path established from the third electrode 213 to the first electrode 211, may be formed in the bio-
contact circuit 210. The processor 260 may receive, from the ammeter 242 and the voltmeter 243, the current/voltage
values measured in a state in which a third current-voltage path constitutes the bio-contact circuit 210. The processor
260 may measure the impedance of the first electrode 211 (including an error caused by the parasitic impedance ZP1
between the first electrode 211 and the ground) by using the received current/voltage values.

[0052] The processor 260 may change a current polarity and a current-voltage path in order to measure the contact
impedance of the third electrode 213. For example, the processor 260 may transmit a fourth control signal (e.g., bio-
impedance inclusion OFF, polarity swapping ON, and current-voltage swapping ON) to the path configuration module
250. In response to the fourth control signal, the processor 260 may connect the fourth port 224 to the feeding port 245,
connect the third port 223 to the current measurement port 246, connect the first port 221 to the first voltage measurement
port 247, and connect the third port 223 to the second voltage measurement port 248. Accordingly, a fourth current-
voltage path, which includes a fourth current path established from the fourth electrode 214 to the third electrode 213
and a fourth voltage path established from the first electrode 211 to the third electrode 213, may be formed in the bio-
contact circuit 210. The processor 260 may receive, from the ammeter 242 and the voltmeter 243, the current/voltage
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values measured in a state in which a fourth current-voltage path constitutes the bio-contact circuit 210. The processor
260 may measure the impedance of the third electrode 213 (including an error caused by the parasiticimpedance ZP3
between the third electrode 213 and the ground), by using the received current/voltage values.

[0053] According to various embodiments, the processor 260 may correct the impedance measurement value, by
using the parasitic impedances ZP1, ZP2, ZP3, and ZP4 and the characteristic impedances ZS1, ZS2, ZS3, and ZS4
(e.g., remove an error caused by the parasitic impedance from the measured value), so as to obtain contactimpedances
ZCH1, ZC2, ZC3, and ZC4.

[0054] According to various embodiments, the processor 260 may control the path configuration module 250 to con-
figure a current path and a voltage path such that one of the two electrodes of the voltage path matches with one of the
two electrodes of the current path, the other one of the two electrodes of the voltage path is different from the other one
of the two electrodes of the current path, and the bio-impedance ZB is included in both the current path and the voltage
path. The processor 260 may receive, from the ammeter 242 and the voltmeter 243, the current/voltage values measured
in a state in which the current-voltage path constitutes the bio-contact circuit 210. The processor 260 may calculate the
bio-impedance ZB by using the received current/voltage values, characteristic impedances ZS1, ZS2, ZS3, and ZS4,
parasitic impedances ZP1, ZP2, ZP3, and ZP4, and contact impedances ZC1, ZC2, ZC3, and ZC4.

[0055] According to an embodiment, the processor 260 may configure a current-voltage path in the bio-contact circuit
210 such that the second electrode 212 and the bio-impedance ZB are included in the current path and the voltage path.
For example, the processor 260 may transmit a fifth control signal (e.g., bio-impedance inclusion ON, polarity swapping
OFF, and current-voltage swapping OFF) to the path configuration module 250. In response to the fifth control signal,
the path configuration module 250 may connect the first port 221 to the feeding port 245, connect the second port 222
to the current measurement port 246, connect the third port 223 to the first voltage measurement port 247, and connect
the second port 222 to the second voltage measurement port 248. Accordingly, a fifth current-voltage path, which includes
afirst current path established from the first electrode 211 to the second electrode 212 and a fifth voltage path established
from the third electrode 213 to the second electrode 212, may be formed in the bio-contact circuit 210. The processor
260 may receive, from the ammeter 242 and the voltmeter 243, the current/voltage values measured in a state in which
a fifth current-voltage path constitutes the bio-contact circuit 210. The processor 260 may calculate a first bio-impedance
ZB1 by using the current/voltage values, the characteristic impedance value, the parasitic impedance value, and the
contact impedance value, which are measured through the fifth current-voltage path.

[0056] Accordingtoanembodiment,the processor 260 may change a current-voltage path such thatthe fourth electrode
214 and the bio-impedance ZB are included in a current path and a voltage path. For example, the processor 260 may
transmit a sixth control signal (e.g., bio-impedance inclusion ON, polarity swapping OFF, and current-voltage swapping
ON) to the path configuration module 250. The path configuration module 250 may control, in response to the sixth
control signal, the path configuration module 250 to connect the third port 223 to the feeding port 245, connect the fourth
port 224 to the current measurement port 246, connect the first port 221 to the first voltage measurement port 247, and
connect the fourth port 224 to the second voltage measurement port 248. Accordingly, a sixth current-voltage path,
which includes a second current path established from the third electrode 213 to the fourth electrode 214 and a sixth
voltage path established from the first electrode 211 to the fourth electrode 214, may be formed in the bio-contact circuit
210. The processor 260 may receive, from the ammeter 242 and the voltmeter 243, the current/voltage values measured
in a state in which the sixth current-voltage path constitutes the bio-contact circuit 210. The processor 260 may calculate
a second bio-impedance ZB2 by using the current/voltage values, the characteristic impedance value, the parasitic
impedance value, and the contact impedance value, which are measured through the sixth current-voltage path.
[0057] According to an embodiment, the processor 260 may change a current polarity such that the first electrode 211
and the bio-impedance ZB are included in the current path and the voltage path. For example, the processor 260 may
transmit a seventh control signal (e.g., bio-impedance inclusion ON, polarity swapping ON, and current-voltage swapping
OFF) to the path configuration module 250. The path configuration module 250 may control, in response to the seventh
control signal, the path configuration module 250 to connect the second port 222 to the feeding port 245, connect the
first port 221 to the current measurement port 246, connect the fourth port 224 to the first voltage measurement port
247, and connect the first port 221 to the second voltage measurement port 248. Accordingly, a seventh current-voltage
path, which includes a third current path established from the second electrode 212 to the first electrode 211 and a
seventh voltage path established from the fourth electrode 214 to the first electrode 211, may be formed in the bio-
contact circuit 210. The processor 260 may receive, from the ammeter 242 and the voltmeter 243, the current/voltage
values measured in a state in which the seventh current-voltage path constitutes the bio-contact circuit 210. The processor
260 may calculate a third bio-impedance ZB3 by using the current/voltage values, the characteristic impedance value,
the parasitic impedance value, and the contact impedance value, which are measured through the seventh current-
voltage path.

[0058] Accordingto an embodiment, the processor 260 may change a current polarity and a current-voltage path such
that the third electrode 213 and the bio-impedance ZB are included in a current path and a voltage path. For example,
the processor 260 may transmit an eighth control signal (e.g., bio-impedance inclusion ON, polarity swapping ON, and
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current-voltage swapping ON) to the path configuration module 250. In response to the eighth control signal, the path
configuration module 250 may connect the fourth port 224 to the feeding port 245, connect the third port 223 to the
current measurement port 246, connect the second port 222 to the first voltage measurement port 247, and connect the
third port 223 to the second voltage measurement port 248. Accordingly, an eighth current-voltage path, which includes
a fourth current path established from the fourth electrode 214 to the third electrode 213 and an eighth voltage path
established from the second electrode 212 to the third electrode 213, may be formed in the bio-contact circuit 210. The
processor 260 may receive, from the ammeter 242 and the voltmeter 243, the current/voltage values measured in a
state in which the eighth current-voltage path constitutes the bio-contact circuit 210. The processor 260 may calculate
a fourth bio-impedance ZB4 by using the current/voltage values, the characteristic impedance value, the parasitic im-
pedance value, and the contact impedance value, which are measured through the eighth current-voltage path.

[0059] The first to the eighth current-voltage path that may be configured in the bio-contact circuit 210 as described
above may be summarized in Table 1 as follows.
[Table 1]
Control signal Path of bio-contact circuit
No — - Selected
. B|o-|rr.1peda.nce Polan.ty Current-vgltage Current path Voltage path impedance
(Zg) inclusion swapping swapping
Electrode 1 to Electrode 4 to
! OFF OFF OFF electrode 2 electrode 2 Zc2
Electrode 3 to Electrode 2 to
2 OFF OFF ON electrode 4 electrode 4 Ze4
Electrode 2 to Electrode 3 to
3 OFF ON OFF electrode 1 electrode 1 Zo1
Electrode 4 to Electrode 1 to
4 OFF ON ON electrode 3 electrode 3 Zc3
Electrode 1 to Electrode 3 to
> ON OFF OFF electrode 2 electrode 2 Zoz 2
Electrode 3 to Electrode 1 to
6 ON OFF ON electrode 4 electrode 4 Zew 28
Electrode 2 to Electrode 4 to
’ ON ON OFF electrode 1 electrode 1 Zet 28
Electrode 4 to Electrode 2 to
8 ON ON ON electrode 3 electrode 3 Zca 28
[0060] FIG. 3 is a circuit diagram 300 of a path configuration module 250 according to various embodiments of the

disclosure. Referring to FIG. 3, the path configuration module 250 may include four switches 310, 320, 330, and 340
each having four terminals.

[0061] A 1-1 terminal 311, a 1-2 terminal 312, a 1-3 terminal 313, and a 1-4 terminal 314 of the first switch 310 may
be electrically connected to the first port 221, the second port 222, the third port 223, and the fourth port 224 of the bio-
contact circuit 210, respectively, and the first switch 310 may connect the feeding port 245 to one of the four terminals
311, 312, 313, and 314 under the control of the processor 260.

[0062] A 2-1 terminal 321, a 2-2 terminal 322, a 2-3 terminal 323, and a 2-4 terminal 324 of the second switch 320
may be electrically connected to the first port 221, the second port 222, the third port 223, and the fourth port 224 of the
bio-contact circuit 210, respectively, and the second switch 320 may connect the current measurement port 246 to one
of the four terminals 321, 322, 323, and 324 under the control of the processor 260.

[0063] A 3-1terminal 331, a 3-2 terminal 332, a 3-3 terminal 333, and a 3-4 terminal 334 of the third switch 330 may
be connected to the first port 221, the second port 222, the third port 223, and the fourth port 224 of the bio-contact
circuit 210, respectively, and the third switch 330 may connect the first voltage measurement port 247 to one of the four
terminals 331, 332, 333, and 334 under the control of the processor 260.

[0064] A 4-1terminal 341, a 4-2 terminal 342, a 4-3 terminal 343, and a 4-4 terminal 344 of the fourth switch 340 may
be connected to the first port 221, the second port 222, the third port 223, and the fourth port 224 of the bio-contact
circuit 210, respectively, and the third switch 330 may connect the second voltage measurement port 248 to one of the
four terminals 341, 342, 343, and 344 under the control of the processor 260.
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[0065] FIG. 4 illustrates an electronic device 400 according to various embodiments of the disclosure. Referring to
FIG. 4, the electronic device 400 (e.g., the electronic device 200 of FIG. 2) may include a bio-contact circuit 210 of FIG.
2, an impedance measurement module 420, a first leakage compensation module 430, a second leakage compensation
module 440, and a third leakage compensation module 450.

[0066] According to various embodiments, the impedance measurement module 420 may include a current-voltage
measurement module 421 (e.g., the current-voltage measurement module 240 of FIG. 2), and a path configuration
module 422 (e.g., the path configuration module 250 of FIG. 2) and an impedance calculation module 423 (e.g., the
processor 260 of FIG. 2). The path configuration module 422 may configure, based on a control signal (e.g., one of the
control signals in Table 1) received from one of the leakage compensation modules 430, 440, and 450, a current-voltage
path of the bio-contact circuit 210 (e.g., a current-voltage path corresponding to the received control signal in Table 1).
The current-voltage measurement module 240 may measure the current and voltage of the bio-contact circuit 210 in a
state in which the current-voltage path constitutes the bio-contact circuit. The impedance calculation module 423 may
calculate impedance by using the measured current/voltage value, and may transmit the impedance measurement value
to the leakage compensation module that has transmitted the control signal.

[0067] According to various embodiments, the first leakage compensation module 430 (e.g., the processor 260 of FIG.
2) may include a first measurement control module 431 and a first impedance correction module 432. The first meas-
urement control module 431 may output a first control signal (e.g., the first control signal in Table 1) for acquisition of a
contact impedance of the second electrode 212 to the impedance measurement module 420, and may receive, in
response to the first control signal, a first impedance measurement value from the impedance measurement module
420. The first measurement control module 431 may output a second control signal (e.g., the second control signal in
Table 1) for acquisition of a value of the contact impedance of the fourth electrode 214 to the impedance measurement
module 420, and may receive, in response to the second control signal, a second impedance measurement value from
the impedance measurement module 420. The first impedance correction module 432 may correct the first impedance
measurement value and the second impedance measurement value, by using "the firstimpedance measurement value,
the second impedance measurement value, a value of predetermined characteristic impedance (e.g., a characteristic
impedance of a circuit element electrically connected to the second electrode 212, and a characteristic impedance of a
circuit element electrically connected to the fourth electrode 214), and a value of a predetermined parasitic impedance
(e.g., a parasitic impedance between the second electrode 212 and the ground, and a parasitic impedance between the
fourth electrode 214 and the ground)". The first impedance correction module 432 may transfer the correction values
(first contact impedance and second contact impedance) to the third leakage compensation module 450.

[0068] According to various embodiments, the second leakage compensation module 440 (e.g., the processor 260 of
FIG. 2) may include a second measurement control module 441 and a second impedance correction module 442. The
second measurement control module 441 may output a third control signal (e.g., the third control signal in Table 1) for
acquisition of a value of a contact impedance of the first electrode 211 to the impedance measurement module 420,
and may receive, in response to the third control signal, a third impedance measurement value from the impedance
measurement module 420. The second measurement control module 441 may output a fourth control signal (e.g., the
fourth control signal in Table 1) for acquisition of a value of a contact impedance of the third electrode 213 to the
impedance measurement module 420, and may receive, in response to the fourth control signal, a fourth impedance
measurement value from the impedance measurement module 420. The second impedance correction module 442 may
correct the third impedance measurement value and the fourth impedance measurement value, by using "a third im-
pedance measurement value, a fourth impedance measurement value, a value of a predetermined characteristic im-
pedance (e.g., a characteristic impedance of a circuit element electrically connected to the first electrode 211, and a
characteristic impedance of a circuit element electrically connected to the third electrode 213), and a value of a prede-
termined parasiticimpedance (e.g., a parasiticimpedance between the first electrode 211 and the ground, and a parasitic
impedance between the third electrode 213 and the ground)". The first impedance correction module 432 may transfer
the correction values (third contact impedance and fourth contact impedance) to the third leakage compensation module
450.

[0069] According to various embodiments, the third leakage compensation module 450 (e.g., the processor 260 of
FIG. 2) may include a third measurement control module 451 and a bio-impedance acquisition module 452. The third
measurement control module 451 may output a fifth control signal (e.g., one of the fifth to eighth control signals in Table
1) for acquisition of an impedance value of a biological body coming into contact with the bio-contact circuit 210 to the
impedance measurement module 420, and may receive, in response to the fifth control signal, a fifth impedance meas-
urement value from the impedance measurement module 420. The bio-impedance acquisition module 452 may calculate
the bio-impedance by using "the fifth impedance measurement value, a predetermined parasitic impedance value, the
calculated contact impedance value, and a predetermined characteristic impedance value". For example, in a case
where a fifth current-voltage path, which includes a first current path established from the first electrode 211 to the
second electrode 212 and a fifth voltage path established from the third electrode 213 to the second electrode 212, is
formed in the bio-contact circuit 210 according to output of the fifth control signal of Table 1, the value of the bio-impedance
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may be obtained by using the contact impedances ZC2 and ZC3 of the electrodes 212 and 213 located on the fifth
voltage path, the contactimpedance ZC4 of the fourth electrode 214 that is not located on the fifth current-voltage path,
the characteristic impedance ZS2 of a circuit element connected to an electrode commonly existing on the fifth voltage
path and the fifth current path, the parasitic impedances ZP2 and ZP3 caused by a parasitic component existing between
the electrodes 212 and 213 located on the fifth voltage path and the ground, and the parasitic impedance ZP4 caused
by a parasitic component existing between the fourth electrode 214 that is not located on the fifth current-voltage path
and the ground.

[0070] FIG. 5A illustrates a current-voltage path 510 configured in the bio-contact circuit 210 according to the first
control signal of Table 1, and FIG. 5B is an equivalent circuit 520 corresponding to the current-voltage path 510 of FIG. 5A.
[0071] Referring to FIG. 5A, in response to the first control signal of Table 1, the first switch 310 may connect the feed
port 245 to the 1-1 terminal 311, the second switch 320 may connect the current measurement port 246 to the 2-2
terminal 322, the third switch 330 may connect the first voltage measurement port 247 to the 3-4 terminal 334, and the
fourth switch 340 may connect the second voltage measurement port 248 to the 4-2 terminal 342. Accordingly, current
i may flow from the first port 221 to the second port 222, and the voltage V4B2 may be measured in a direction going
from the fourth port 224 to the second port 222.

[0072] Referring to FIG. 5B, a current may leak through the parasitic impedance ZP2 at node a, and a compensation
value k11 for compensating for the current i may be expressed by Equation 1.

[Equation 1]

[0073] Even atnode b, a voltage may leak (e.g., a voltage drop) due to the influence of the parasitic component ZP3,
and a compensated voltage value v1 at node 1 may be expressed as the right side of Equation 2. The voltage value v1
calculated using the impedances ZC2, ZS2, and ZP2 between node 1 and the second port 222 and the compensation
value K11 may be expressed as the left side of Equation 2.

[Equation 2]

Zﬂ'ﬂl + ZPA% ,

ki1 i(Zes+ Zga 1l Epg) = Vags

Zps

[0074] Equation 2 includes the contact impedance ZC2 of the second electrode 212 to be obtained and the contact
impedance ZC4 of the fourth electrode 214 to be obtained. That is, since ZC2 and ZC4 may not be obtained using
Equation 2 alone, another Equation expressed by ZC2 and ZC4 is required. This equation can be obtained by changing
the current-voltage path of the bio-contact circuit 210.

[0075] FIG. 6A illustrates a current-voltage path 610 configured in the bio-contact circuit 210 according to the second
control signal of Table 1, and FIG. 6B is an equivalent circuit 620 corresponding to the current-voltage path 610 of FIG. 6A.
[0076] Referring to FIG. 6A, in response to the second control signal, the first switch 310 may connect the feed port
245 to the 1-3 terminal 313, the second switch 320 may connect the current measurement port 246 to the 2-4 terminal
324, the third switch 330 may connect the first voltage measurement port 247 to the 3-2 terminal 332, and the fourth
switch 340 may connect the second voltage measurement port 248 to the 4-4 terminal 344. Accordingly, current i may
flow from the third port 223 to the fourth port 224, and the voltage V2B4 may be measured in a direction going from the
second port 222 to the fourth port 224.

[0077] Referring to FIG. 6B, a current may leak through the parasitic impedance ZP4 at node a, and a compensation
value k13 for compensating for the current i may be expressed by Equation 3.

[Equation 3]

[0078] Even at node b, a voltage may leak (e.g., a voltage drop) due to the influence of the parasitic component Zp,,
and a compensated voltage value v1 at node 1 may be expressed as the right side of Equation 4. The voltage value v1
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calculated using the impedances Z,, Zg4, and Zp, between node 1 and the fourth port 224 and the compensation value
K43 may be expressed as the left side of Equation 4.

[Equation 4]

, ; Leat+ Zpy
Fi3i(Zeat Zoall Zpy) = % V2gs
oy

Fe

[0079] The processor (e.g., the processor 260 of FIG. 2 or the impedance calculation module 423 of FIG. 4) may
obtain the first impedance measurement value Z,g, from the current value and voltage value V45, measured through
the current-voltage path 510 of FIG. 5A. The processor 260 may obtain a second impedance measurement value Z,g,4
from the current value and voltage value V,g, measured through the current-voltage path 610 of FIG. 6A.

[0080] The processor (e.g., the processor 260 of FIG. 2 or the first leakage compensation module 430 of FIG. 4) may
obtain the contact impedance ZC2 of the second electrode 212 and the contact impedance ZC4 of the fourth electrode
214, by using Equation 5 expressed by combining Equation 2 with Equation 4.

[Equation 5]
[3 r:zé _ [k113p4

1 Zcal  L—Z2pe

[0081] FIG. 7A illustrates a current-voltage path 710 configured in the bio-contact circuit 210 according to the third
control signal of Table 1, and FIG. 7B is an equivalent circuit 720 corresponding to the current-voltage path 710 of FIG. 7A.
[0082] Referring to FIG. 7A, in response to the third control signal, the first switch 310 may connect the feed port 245
to the 1-2 terminal 312, the second switch 320 may connect the current measurement port 246 to the 2-1 terminal 321,
the third switch 330 may connect the first voltage measurement port 247 to the 3-3 terminal 333, and the fourth switch
340 may connect the second voltage measurement port 248 to the 4-1 terminal 341. Accordingly, current i may flow
from the second port 222 to the first port 221, and the voltage V3B1 may be measured in a direction going from the third
port 223 to the first port 221.

[0083] Referring to FIG. 7B, a current may leak through the parasitic impedance ZP1 at node a, and a compensation
value k10 for compensating for the current i may be expressed by Equation 6.

[Equation 6]

[0084] Even at node b, a voltage may leak (e.g., a voltage drop) due to the influence of the parasitic component Zp5,
and a compensated voltage value v1 at node 1 may be expressed as the right side of Equation 7. The voltage value v1
calculated using the impedances Z4, Zg4, and Zp, between node 1 and the first port 221 and the compensation value
K40 may be expressed as the left side of Equation 7.

[Equation 7]

ZeatZpy
= Vaml

klﬁi{-zﬁ“l_‘_g,‘:?l;i EP:].)= 7
B3

[0085] Equation 7 includes the contact impedance ZC1 of the first electrode 211 to be obtained and the contact
impedance ZC3 of the third electrode 213 to be obtained. That s, since ZC1 and ZC3 may not be obtained using Equation
7 alone, another Equation expressed by ZC1 and ZC3 is required. This equation can be obtained by changing the
current-voltage path of the bio-contact circuit 210.

[0086] FIG. 8A illustrates a current-voltage path 810 configured in the bio-contact circuit 210 according to the fourth
control signal of Table 1, and FIG. 8B is an equivalent circuit 810 corresponding to the current-voltage path 810 of FIG. 8A.
[0087] Referring to FIG. 8A, in response to the fourth control signal, the first switch 310 may connect the feed port
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245 to the 1-4 terminal 314, the second switch 320 may connect the current measurement port 246 to the 2-3 terminal
323, the third switch 330 may connect the first voltage measurement port 247 to the 3-1 terminal 331, and the fourth
switch 340 may connect the second voltage measurement port 248 to the 4-3 terminal 343. Accordingly, current i may
flow from the fourth port 224 to the third port 223, and the voltage V1B3 may be measured in a direction going from the
first port 221 to the third port 223.

[Equation 8]
Zpg+Zg
Zpa

kiz‘ 2

[0088] Even at node b, a voltage may leak (e.g., a voltage drop) due to the influence of the parasitic component Zp,,
and a compensated voltage value v1 at node 1 may be expressed as the right side of Equation 9. The voltage value v1
calculated using the impedances Z5, Zg3, and Zp; between node 1 and the third port 223 and the compensation value
K42 may be expressed as the left side of Equation 9.

[Equation 9]

, ‘ g+ Zp
klli{:zfa + Esa ﬂ ZP’B:) = U Tig3

EPl

[0089] The processor (e.g., the processor 260 of FIG. 2 or the impedance calculation module 423 of FIG. 4) may
obtain the third impedance measurement value Z;g4 from the current value and voltage value V34 measured through
the current-voltage path 710 of FIG. 7A. The processor 260 may obtain a fourth impedance measurement value Z,g3
from the current value and voltage value Vg3 measured through the current-voltage path 810 of FIG. 8A.

[0090] The processor (e.g., the processor 260 of FIG. 2 or the second leakage compensation module 440 of FIG. 4)
may obtain the contact impedance Z, of the first electrode 211 and the contact impedance Z; of the third electrode
213, by using Equation 10 expressed by combining Equation 7 with Equation 9.

[Equation 10]

; ‘ =1 .
{E ﬂlj _ F’fmgpa —Z3m E Epaw 351 — Zs1)
lz.

: _i’ _'ELLE‘E kizzpﬂ. P:I.(ELEE - ESE]

[0091] FIG. 9A illustrates a current-voltage path 910 configured in the bio-contact circuit 210 according to the fifth
control signal of Table 1, and FIG. 9B is an equivalent circuit 920 corresponding to the current-voltage path 910 of FIG. 9A.
[0092] Referring to FIG. 9A, in response to the fifth control signal, the first switch 310 may connect the feed port 245
to the 1-1 terminal 311, the second switch 320 may connect the current measurement port 246 to the 2-2 terminal 322,
the third switch 330 may connect the first voltage measurement port 247 to the 3-3 terminal 333, and the fourth switch
340 may connect the second voltage measurement port 248 to the 4-2 terminal 342. Accordingly, current i may flow
from the first port 221 to the second port 222, and the voltage V3B2 may be measured in a direction going from the third
port 223 to the second port 222.

[0093] Referring to FIG. 9B, a current may leak through the parasitic impedances ZP2 and ZP4 at node 1, and a
compensation value k21 for compensating for the current i may be expressed by Equation 11.

[Equation 11]
ZCE-*_ZSE ji sz'*‘ Zfil- +gp4
glf"f + ZP4

Koy £ kg

[0094] In FIG. 9B, a value obtained by combining the impedances at node 1 may be expressed by Equation 12.
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[Equation 12]

£, 2 {Zc:z +Zg |l *ZP':&‘) i {354 + Epﬂ*)

[0095] Even at node c, a voltage may leak (e.g., a voltage drop) due to the influence of the parasitic component Zp5,
and a compensated voltage value may be expressed by Equation 13.

[Equation 13]
Zrgt+ 2
koyilZg +44) = % CEVR)
P3

[0096] The processor (e.g., the processor 260 of FIG. 2 or the impedance calculation module 423 of FIG. 4) may
obtain the fifth impedance measurement value Z3,, from the current value and voltage value V35, measured through
the current-voltage path 910 of FIG. 9A.

[0097] The processor (e.g., the processor 260 of FIG. 2 or the third leakage compensation module 450 of FIG. 4) may
obtain the bio-impedance Zg using Equation 13 or Equation 14 converted therefrom.

[Equation 14]

7 Z342(Z¢c3 + Zpg) s
g k21 Zp3 '

[0098] As a result of the simulation, according to a method of measuring bio-impedance by connecting the first to
fourth ports 221, 222, 223, and 224 to the feeding port or to the second voltage measurement ports 245, 246, 247, and
248 in a one-to-one correspondence relationship, it has been identified that an error ranging from -31.8% to 83.0% has
occurred due to the influence of the leakage of an electrical signal. In a measurement method using a switch according
to Reference 6 (KR Publication No. 10-2017-0041511), it has been identified that an error ranging from -46.9% to 46.5%
has occurred. In a measurement method using Equations 10 to 14 of Reference 6, it has been identified that an error
ranging from -46.6% to 47.9% has occurred. On the other hand, in a measurement method using the control operation
shown in Table 1, it has been identified that the error has been greatly improved by about -0.8% to 0.9%.

[0099] FIG. 10Allustrates a front surface of an electronic device 1000 according to an embodiment, FIG. 10B illustrates
a rear surface of the electronic device 1000, and FIG. 10C illustrates an example of biometric measurement using the
electronic device 1000.

[0100] Referring to FIGS. 10A and 10B, the electronic device 1000 (e.g., the electronic device 200 of FIG. 2) may
include: a housing including a first surface (or front surface) 1010, a second surface (or rear surface) 1020, and a side
surface 1030 surrounding a space between the first surface 1010 and the second surface 1020; and binding members
1050 connected to at least a portion of the housing and configured to detachably bind the electronic device 1000 on a
portion of a user’s body (e.g., wrist). In another embodiment (not shown), the housing may refer to a structure forming
a part of the first surface 1010, the second surface 1020, and the side surface 1030.

[0101] According to an embodiment, the first surface 1010 may be formed of a front plate (e.g., a glass plate including
various coating layers, or a polymer plate), at least a portion of which is substantially transparent. A display may be
visually seen through a substantial portion of the first surface 1010. The first surface 1010 may include a second electrode
1042 (e.g., the second electrode 212 in FIG. 2) and a fourth electrode 1044 (e.g., the fourth electrode 214 in FIG. 2).
The second electrode 1042 and the fourth electrode 1044 may be electrically connected to a current-voltage measurement
module (for example, the current-voltage measurement module 240 in FIG. 2) located in the housing through a current-
voltage path configuration module (e.g., the current-voltage path configuration module 250 of FIG. 2).

[0102] According to an embodiment, the second surface 1020 may be formed of a substantially opaque rear plate.
The second surface 1020 may include a first electrode 1041 (e.g., the first electrode 211 in FIG. 2), a third electrode
1043 (e.g., the third electrode 213 in FIG. 2), and a photoplethysmogram (PPG) sensor 1070. The first electrode 1041
and the third electrode 1043 may be electrically connected to the current-voltage measurement module through the
current-voltage path configuration module.

[0103] Referring to FIG. 10C, a user wears the electronic device 1000 on a wrist such that the first electrode 1041
and the third electrode 1043 come in contact with the wrist, and makes contact with the second electrode 1042 and the
fourth electrode 1044 by using a finger. The processor of the electronic device 1000 (for example, the processor 260 of
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FIG. 2) may obtain a bio-impedance value, measure the user’s state by using the bio-impedance value, and display a
measurement result 1060 on the display.

[0104] FIG. 11A illustrates a front surface of an electronic device 1100 according to an embodiment, and FIG. 11B
illustrates an example of a biometric measurement using the electronic device 1100.

[0105] Referring to FIG. 11A, the electronic device 1100 (e.g., the electronic device 200 of FIG. 2) may include a
housing including a first surface (or a front surface) 1110, a second surface (or a rear surface) (not shown), and a side
surface 1030 surrounding a space between the first surface 1110 and the second surface. A display may be visually
seen through a substantial portion of the first surface 1110. In another embodiment (not shown), the housing may refer
to a structure forming a part of the first surface 1110, the second surface, and the side surface 1130.

[0106] According to an embodiment, the side surface 1130 is coupled to a front plate forming at least a portion of the
first surface 1110 and a rear plate forming at least a portion of the second surface, and may be formed of a side bezel
structure (or a side member) including a metal and/or a polymer. In some embodiments, the rear plate and the side
bezel structure may be integrally formed, and may include the same material (e.g., a metal material such as aluminum).
The electrodes 1141, 1142, 1143, and 1144 may be disposed at four corners of the side surface 1130, respectively. For
example, when viewed from above the first surface 1110 in a state in which the housing of the electronic device 1100
has a rectangular shape and one of the short sides is oriented toward the left and the other thereof is oriented toward
the right, the first electrode 1141 and the third electrode 1143 may be disposed on the left side, and the second electrode
1142 and the fourth electrode 1144 may be disposed on the right side. Accordingly, the user may hold the first electrode
1141 and the third electrode 1143 with one hand, and hold the second electrode 1142 and the fourth electrode 1144
with the other hand. The electrodes 1141, 1142, 1143, and 1144 may be electrically connected to a current-voltage
measurement module (e.g., the current-voltage measurement module 240 of FIG. 2) located in the housing through a
current-voltage path configuration module (e.g., the current-voltage path configuration module 250 of FIG. 2).

[0107] Referring to FIG. 11B, the user holds the four corners of the electronic device 1100 with both hands such that
the first electrode 1141 and the third electrode 1143 come in contact with the left hand and the second electrode 1142
and the fourth electrode 1144 come in contact with the right hand. The processor of the electronic device 1100 (e.g.,
the processor 260 of FIG. 2) may obtain a value of the bio-impedance, measure a user’s state by using the acquired
bio-impedance value, and display a measurement result on a display.

[0108] FIG. 12A illustrates an oscilloscope waveform that appears when the body does not come in contact with four
electrodes, and FIG. 12B illustrates an oscilloscope waveform that appears when the body comes contact with four
electrodes. Referring to FIG. 12A and Table 1, it may be identified that an electrical signal is measured only in an
electrode to which a current is applied. Referring to FIG. 12B and Table 1, it may be identified that the largest signal is
measured at the electrode to which the current is applied, and different sized electrical signals are measured at the
remaining electrodes according to control conditions, i.e., polarity swapping ON/OFF and current-voltage swapping
ON/OFF.

[0109] FIG. 13 is a circuit diagram 1300 of a path configuration module 250 according to various embodiments of the
disclosure. Referring to FIG. 13, the first to fourth ports 221, 222, 223, and 224 may be connected to the feeding port
or to the second voltage measurement ports 245, 246, 247 and 248, respectively. The path configuration module 250
may include four switches 1310, 1320, 1330, and 1340 each having four terminals.

[0110] A 1-1terminal 1311, a 1-2 terminal 1312, a 1-3 terminal 1313, and a 1-4 terminal 1314 of the first switch 1310
may be electrically connected to the first electrode 211, the second electrode 212, the third electrode 213, and the fourth
electrode 214, respectively, and the first switch 1310 may connect the feeding port 245 to one of the electrodes 211,
212, 213, and 214 under the control of the processor 260.

[0111] A 2-1 terminal 1321, a 2-2 terminal 1322, a 2-3 terminal 1323, and a 2-4 terminal 1324 of the second switch
1320 may be electrically connected to the first electrode 211, the second electrode 212, the third electrode 213, and the
fourth electrode 214, respectively, and the second switch 1320 may connect the current measurement port 246 to one
of the electrodes 211, 212, 213, and 214 under the control of the processor 260.

[0112] A 3-1terminal 1331, a 3-2 terminal 1332, a 3-3 terminal 1333, and a 3-4 terminal 1334 of the third switch 1330
may be electrically connected to the first electrode 211, the second electrode 212, the third electrode 213, and the fourth
electrode 214, respectively, and the third switch 1330 may connect the first voltage measurement port 247 to one of the
electrodes 211, 212, 213, and 214 under the control of the processor 260.

[0113] A 4-1 terminal 1341, a 4-2 terminal 1342, a 4-3 terminal 1343, and a 4-4 terminal 1344 of the fourth switch
1340 may be electrically connected to the first electrode 211, the second electrode 212, the third electrode 213, and the
fourth electrode 214, respectively, and the fourth switch 1340 may connect the second voltage measurement port 248
to one of the electrodes 211, 212, 2133, and 214 under the control of the processor 260.

[0114] According to various embodiments, the processor 260 may control the switches 1310, 1320, 1330, and 1340
in the same operation as the operation in Table 1, and thus may acquire contact impedances ZC1, ZC2, ZC3, and ZC4
and the bio-impedance ZB.

[0115] According to various embodiments of the disclosure, an electronic device may include: a bio-contact circuit
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having four electrodes (e.g., the bio-contact circuit 210 of FIG. 2); a current-voltage measurement module (e.g., the
current-voltage measurement module 240 of FIG. 2) including a feeding port, a current measurement port, a first voltage
measurement port, a second voltage measurement port, an alternating-current signal generator electrically connected
to the feeding port, an ammeter electrically connected to the current measurement port, and a voltmeter electrically
connected between the first voltage measurement port and the second voltage measurement port; a processor (e.g.,
the processor 260 of FIG. 2); a memory (e.g., the memory 130 of FIG. 1) electrically connected to the processor, and
configured to store a characteristic impedance value of a circuit element electrically connected between the current-
voltage measurement module and the bio-contact circuit and to store a value of parasiticimpedance caused by a parasitic
component existing between the bio-contact circuit and a ground; and a current-voltage path configuration module (e.g.,
the current-voltage path configuration module 250 of FIG. 2) configured to electrically connect the bio-contact circuit to
the feeding port, the current measurement port, the first voltage measurement port, and the second voltage measurement
port such that a voltage path and a current path of the bio-contact circuit are changed under the control of the processor,
wherein the memory stores instructions which, when executed, cause the processor to: control the current-voltage path
configuration module to sequentially configure a first current-voltage path, a second current-voltage path, a third current-
voltage path, and a fourth current-voltage path in the bio-contact circuit such that, in connection with each of the current-
voltage paths, one of two electrodes of the voltage path matches with one of two electrodes of the current path, and no
bio-impedance is included on the voltage path; receive, from the current-voltage measurement module, first current/volt-
age values measured in a state in which the first current-voltage path constitutes the bio-contact circuit, and obtain a
first impedance measurement value by using the first current/voltage values; receive, from the current-voltage meas-
urement module, second current/voltage values measured in a state in which the second current-voltage path constitutes
the bio-contact circuit, and obtain a second impedance measurement value by using the second current/voltage values;
receive, from the current-voltage measurement module, third current/voltage values measured in a state in which the
third current-voltage path constitutes the bio-contact circuit, and obtain a third impedance measurement value by using
the third current/voltage values; receive, from the current-voltage measurement module, fourth current/voltage values
measured in a state in which the fourth current-voltage path constitutes the bio-contact circuit, and obtain a fourth
impedance measurement value by using the fourth current/voltage values; correct the first impedance measurement
value, the second impedance measurement value, the third impedance measurement value, and the fourth impedance
measurement value by using the characteristic impedance value and the parasitic impedance value, so as to obtain
contact impedance values of the four electrodes, respectively; control the current-voltage path configuration module to
configure a fifth current-voltage path in the bio-contact circuit such that one of two electrodes of the fifth voltage path
matches with one of two electrodes of the fifth current path and the bio-impedance is included on the fifth current path
and the fifth voltage path; receive, from the current-voltage measurement module, fifth current/voltage values measured
in a state in which the fifth current-voltage path constitutes the bio-contact circuit, and obtain a fifth impedance meas-
urement value by using the fifth current/voltage values; and acquire the bio-impedance value by using contactimpedance
values of electrodes located on at least the fifth voltage path among the contact impedance values, the fifth impedance
measurement value, the characteristic impedance value, and the parasitic impedance value.

[0116] In various embodiments, the electronic device may further include a housing including a first surface, a second
surface, and a side surface surrounding a space between the first surface and the second surface, wherein two electrodes
among the four electrodes are disposed on the first surface (e.g., the first surface 1010 of FIG. 10A), and the other two
electrodes are disposed on the second surface (e.g., the second surface 1020 of FIG. 10B). The display may be visually
seen through one of the first surface and the second surface.

[0117] In various embodiments, a first electrode and a third electrode may be disposed on one of the first surface and
the second surface, and a second electrode and a fourth electrode may be disposed on the other one of the first surface
and the second surface. The first current-voltage path (e.g., the current-voltage path 510 of FIG. 5A) may include a first
current path established from the first electrode to the second electrode and a first voltage path established from the
fourth electrode to the second electrode. The second current-voltage path (e.g., the current-voltage path 610 of FIG.
6A) may include a second current path established from the third electrode to the fourth electrode and a second voltage
path established from the second electrode to the fourth electrode. The third current-voltage path (e.g., the current-
voltage path 710 of FIG. 7A) may include a third current path established from the second electrode to the first electrode
and a third voltage path established from the third electrode to the first electrode. The fourth current-voltage path (e.g.,
the current-voltage path 810 of FIG. 8A) may include a fourth current path established from the fourth electrode to the
third electrode and a fourth voltage path established from the first electrode to the third electrode.

[0118] In various embodiments, the instructions may cause the processor to: acquire a contact impedance value of
the second electrode and a contact impedance value of the fourth electrode, by using (e.g., using equation 5) the first
impedance measurement value, the second impedance measurement value, a value of parasitic impedance caused by
a parasitic component existing between the second electrode and a ground, a value of parasitic impedance caused by
a parasitic component existing between the fourth electrode and the ground, a characteristic impedance value of a circuit
element connected to the second electrode, and a characteristic impedance value of a circuit element connected to the
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fourth electrode; and acquire a contact impedance value of the first electrode and a contact impedance value of the third
electrode, by using (e.g., using equation 10) the third impedance measurement value, the fourthimpedance measurement
value, a value of parasiticimpedance caused by a parasitic component existing between the first electrode and a ground,
a value of parasitic impedance caused by a parasitic component existing between the third electrode and the ground,
a characteristic impedance value of a circuit element connected to the first electrode, and a characteristic impedance
value of a circuit element connected to the third electrode.

[0119] In various embodiments, the instructions may cause the processor to acquire a value of the bio-impedance by
using (e.g., using equations 11 to 14) contact impedance values of electrodes located on the fifth voltage path, contact
impedance values of electrodes that are not located on the fifth current-voltage path, a characteristic impedance value
of a circuit element connected to an electrode commonly existing on the fifth voltage path and the fifth current path, a
value of parasitic impedance caused by a parasitic component existing between electrodes located on the fifth voltage
path and a ground, and a value of parasitic impedance caused by a parasitic component existing between an electrode
that is not located on the fifth current-voltage path and the ground.

[0120] In various embodiments, the fifth current path and the fifth voltage path each may include: a current-voltage
path including the first current path and a voltage path established from the third electrode to the second electrode (e.g.,
avoltage path of No. 5in Table 1); a current-voltage path including the second current path and a voltage path established
from the first electrode to the fourth electrode (e.g., a voltage path of No. 6 in Table 1); a current-voltage path including
the third current path and a voltage path established from the fourth electrode to the first electrode (e.g., a voltage path
of No. 7 in Table 1); or a current-voltage path including the fourth current path and a voltage path established from the
second electrode to the third electrode (e.g., a voltage path of No. 8 in Table 1).

[0121] In various embodiments, the electronic device may further include a rectangular-shaped housing including a
first surface, a second surface, and a side surface (e.g., the side surface 1130 of FIG. 11A) surrounding a space between
the first surface and the second surface, and the four electrodes are disposed on the four corners of the side surface,
respectively. When viewed from above the first surface in a state in which one of the shorter sides of the housing is
oriented toward the left and the other one is oriented toward the right, two of the four electrodes may be disposed on
the left side, and the other two electrodes may be disposed on the right side of the electronic device.

[0122] In various embodiments, the current-voltage path configuration module may include: a first switch connecting
the feeding port to one of the four electrodes under the control of the processor; a second switch connecting the current
measuring port to one of the four electrodes under the control of the processor; a third switch connecting the first voltage
measurement port to one of the four electrodes under the control of the processor; and a fourth switch connecting the
second voltage measurement port to one of the four electrodes under the control of the processor.

[0123] Invarious embodiments, the circuit element mayinclude an electronic component that removes a DC component
from an electrical signal flowing from the current-voltage measurement module to the bio-contact circuit.

[0124] In various embodiments, the circuit element may include a first circuit element connected to the first electrode,
a second circuit element connected to the second electrode, a third circuit element connected to the third electrode, and
a fourth circuit element connected to the fourth electrode, wherein the first circuit element is connected to one of the
feeding port, current measurement port, first voltage measurement port, and second voltage measurement port by means
of the first switch (e.g., the first switch 310 of FIG. 3). The second circuit element may be connected to one of the feeding
port, current measurement port, first voltage measurement port, and second voltage measurement port by means of the
second switch (e.g., the second switch 320 of FIG. 3). The third circuit element may be connected to one of the feeding
port, current measurement port, first voltage measurement port, and second voltage measurement port by means of the
third switch (e.g., the third switch 330 of FIG. 3). The fourth circuit element may be connected to one of the feeding port,
current measurement port, first voltage measurement port, and second voltage measurement port by means of the fourth
switch (e.g., the fourth switch 340 of FIG. 3).

[0125] In various embodiments, the circuit element may include a first circuit element connected to the feeding port,
a second circuit element connected to the current measurement port, a third circuit element connected to the first voltage
measurement port, and a fourth circuit element connected to the second voltage measurement port, wherein the first
circuit element is connected to one of the four electrodes by means of the first switch (e.g., the first switch 1310 of FIG.
13). The second circuit element may be connected to one of the four electrodes by means of a second switch (e.g., the
second switch 1320 of FIG. 13). The third circuit element may be connected to one of the four electrodes by means of
the third switch (e.g., the third switch 1330 of FIG. 13). The fourth circuit element may be connected to one of the four
electrodes by means of the fourth switch (e.g., the fourth switch 1340 of FIG. 13).

[0126] The embodiments of the disclosure provided in the specification and drawings are suggested for easy expla-
nation and understanding of the technical features according to the embodiments of the disclosure, and are not intended
to limit the scope of the embodiments of the disclosure. Therefore, the scope of various embodiments of the disclosure
should be interpreted as including all changes or modified forms derived based on the technical idea of various embod-
iments of the disclosure.
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1. An electronic device comprising:

a bio-contact circuit comprising four electrodes;

a current-voltage measurement module comprising a feeding port, a current measurement port, a first voltage
measurement port, a second voltage measurement port, an alternating-current signal generator electrically
connected to the feeding port, an ammeter electrically connected to the current measurement port, and a
voltmeter electrically connected between the first voltage measurement port and the second voltage measure-
ment port;

a processor;

a memory electrically connected to the processor and configured to store a characteristic impedance value of
a circuit element electrically connected between the current-voltage measurement module and the bio-contact
circuit and to store a value of parasitic impedance caused by a parasitic component existing between the bio-
contact circuit and a ground; and

a current-voltage path configuration module configured to electrically connect the bio-contact circuit to the
feeding port, the current measurement port, the first voltage measurement port, and the second voltage meas-
urement port such that a voltage path and a current path on the bio-contact circuit are changed under the control
of the processor,

wherein the memory stores instructions which, when executed, cause the processor to:

control the current-voltage path configuration module to sequentially configure a first current-voltage path,
a second current-voltage path, a third current-voltage path, and a fourth current-voltage path in the bio-
contact circuit such that, in connection with each of the current-voltage paths, one of two electrodes of the
voltage path matches with one of two electrodes of the current path, and no bio-impedance is included on
the voltage path;

receive, from the current-voltage measurement module, first current/voltage values measured in a state in
which the first current-voltage path constitutes the bio-contact circuit, and obtain a first impedance meas-
urement value by using the first current/voltage values;

receive, from the current-voltage measurement module, second current/voltage values measured in a state
in which the second current-voltage path constitutes the bio-contact circuit, and obtain a second impedance
measurement value by using the second current/voltage values;

receive, from the current-voltage measurement module, third current/voltage values measured in a state
in which the third current-voltage path constitutes the bio-contact circuit, and obtain a third impedance
measurement value by using the third current/voltage values;

receive, from the current-voltage measurement module, fourth current/voltage values measured in a state
in which the fourth current-voltage path constitutes the bio-contact circuit, and obtain a fourth impedance
measurement value by using the fourth current/voltage values;

correct the first impedance measurement value, the second impedance measurement value, the third im-
pedance measurement value, and the fourth impedance measurement value by using the characteristic
impedance value and the parasitic impedance value, so as to obtain contact impedance values of the four
electrodes, respectively;

control the current-voltage path configuration module to configure a fifth current-voltage path in the bio-
contact circuit such that one of two electrodes of the fifth voltage path matches with one of two electrodes
of the fifth current path, and the bio-impedance is included on the fifth current path and the fifth voltage path;
receive, from the current-voltage measurement module, fifth current/voltage values measured in a state in
which the fifth current-voltage path constitutes the bio-contact circuit, and obtain a fifth impedance meas-
urement value by using the fifth current/voltage values; and

acquire the bio-impedance value by using contact impedance values of electrodes located on at least the
fifth voltage path among the contact impedance values, the fifth impedance measurement value, the char-
acteristic impedance value, and the parasitic impedance value.

2. The electronic device of claim 1, further comprising a housing comprising a first surface, a second surface, and a
side surface surrounding a space between the first surface and the second surface,
wherein two electrodes among the four electrodes are disposed on the first surface, and the other two electrodes
are disposed on the second surface.

3. The electronic device of claim 2, wherein a first electrode and a third electrode are disposed on one of the first
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surface and the second surface, and a second electrode and a fourth electrode are disposed on the other one of
the first surface and the second surface,

wherein the first current-voltage path includes a first current path established from the first electrode to the
second electrode and a first voltage path established from the fourth electrode to the second electrode,
wherein the second current-voltage path includes a second current path established from the third electrode to
the fourth electrode and a second voltage path established from the second electrode to the fourth electrode,
wherein the third current-voltage path includes a third current path established from the second electrode to
the first electrode and a third voltage path established from the third electrode to the first electrode, and
wherein the fourth current-voltage path includes a fourth current path established from the fourth electrode to
the third electrode and a fourth voltage path established from the first electrode to the third electrode.

4. The electronic device of claim 3, wherein the instructions cause the processor to:

acquire a contactimpedance value ofthe second electrode and a contactimpedance value of the fourth electrode,
by using the firstimpedance measurement value, the second impedance measurement value, a value of parasitic
impedance caused by a parasitic component existing between the second electrode and a ground, a value of
parasitic impedance caused by a parasitic component existing between the fourth electrode and the ground, a
characteristic impedance value of a circuit element connected to the second electrode, and a characteristic
impedance value of a circuit element connected to the fourth electrode, and

acquire a contact impedance value of the first electrode and a contact impedance value of the third electrode,
by using the third impedance measurement value, the fourth impedance measurement value, a value of parasitic
impedance caused by a parasitic component existing between the first electrode and a ground, a value of
parasitic impedance caused by a parasitic component existing between the third electrode and the ground, a
characteristic impedance value of a circuit element connected to the first electrode, and a characteristic imped-
ance value of a circuit element connected to the third electrode.

The electronic device of claim 4, wherein the instructions cause the processor to acquire a value of the bio-impedance,
by using contact impedance values of electrodes located on the fifth voltage path, contact impedance values of
electrodes that are not located on the fifth current-voltage path, a characteristicimpedance value of a circuit element
connected to an electrode commonly existing on the fifth voltage path and the fifth current path, a value of parasitic
impedance caused by a parasitic component existing between electrodes located on the fifth voltage path and a
ground, and a value of parasitic impedance caused by a parasitic component existing between an electrode that is
not located on the fifth current-voltage path and the ground.

The electronic device of claim 3, wherein the fifth current path and the fifth voltage path each comprise:

a current-voltage path comprising the first current path and a voltage path established from the third electrode
to the second electrode;

a current-voltage path comprising the second current path and a voltage path established from the first electrode
to the fourth electrode;

a current-voltage path comprising the third current path and a voltage path established from the fourth electrode
to the first electrode; or

a current-voltage path comprising the fourth current path and a voltage path established from the second
electrode to the third electrode.

The electronic device of claim 1, further comprising a rectangular-shaped housing comprising a first surface, a
second surface, and a side surface surrounding a space between the first surface and the second surface, wherein
the four electrodes are disposed on the four corners of the side surface, respectively,

wherein, when viewed from above the first surface in a state in which one of the shorter sides of the housing is
oriented toward the left and the other one is oriented toward the right, two of the four electrodes are disposed on
the left side, and the other two electrodes are disposed on the right side.

The electronic device of claim 7, wherein the first electrode and the third electrode are disposed on one of the right
side and the left side, and the second electrode and the fourth electrode are disposed on the other one of the right

side and the left side,

wherein the first current-voltage path includes a first current path established from the first electrode to the
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second electrode and a first voltage path established from the fourth electrode to the second electrode,
wherein the second current-voltage path includes a second current path established from the third electrode to
the fourth electrode and a second voltage path established from the second electrode to the fourth electrode,
wherein the third current-voltage path includes a third current path established from the second electrode to
the first electrode and a third voltage path established from the third electrode to the first electrode, and
wherein the fourth current-voltage path includes a fourth current path established from the fourth electrode to
the third electrode and a fourth voltage path established from the first electrode to the third electrode.

9. The electronic device of claim 8, wherein the instructions cause the processor to:

acquire a contactimpedance value ofthe second electrode and a contactimpedance value of the fourth electrode,
by using the firstimpedance measurementvalue, the second impedance measurement value, a value of parasitic
impedance caused by a parasitic component existing between the second electrode and a ground, a value of
parasitic impedance caused by a parasitic component existing between the fourth electrode and the ground, a
characteristic impedance value of a circuit element connected to the second electrode, and a characteristic
impedance value of a circuit element connected to the fourth electrode; and

acquire a contact impedance value of the first electrode and a contact impedance value of the third electrode,
by using the third impedance measurement value, the fourth impedance measurement value, a value of parasitic
impedance caused by a parasitic component existing between the first electrode and the ground, a value of
parasitic impedance caused by a parasitic component existing between the third electrode and the ground, a
characteristic impedance value of a circuit element connected to the first electrode, and a characteristic imped-
ance value of a circuit element connected to the third electrode.

10. Theelectronicdevice of claim 9, wherein the instructions cause the processor to acquire a value of the bio-impedance,
by using contact impedance values of electrodes located on the fifth voltage path, contact impedance values of
electrodes that are not located on the fifth current-voltage path, a characteristicimpedance value of a circuit element
connected to an electrode commonly existing on the fifth voltage path and the fifth current path, a value of parasitic
impedance caused by a parasitic component existing between electrodes located on the fifth voltage path and the
ground, and the value of parasitic impedance caused by a parasitic component existing between an electrode that
is not located on the fifth current-voltage path and the ground.

11. The electronic device of claim 8, wherein the fifth current path and the fifth voltage path each comprise:

a current-voltage path comprising the first current path and a voltage path established from the third electrode
to the second electrode;

a current-voltage path comprising the second current path and a voltage path established from the first electrode
to the fourth electrode;

a current-voltage path comprising the third current path and a voltage path established from the fourth electrode
to the first electrode; or

a current-voltage path comprising the fourth current path and a voltage path established from the second
electrode to the third electrode.

12. The electronic device of claim 1, wherein the current-voltage path configuration module comprises:

a first switch connecting the feeding port to one of the four electrodes under the control of the processor;

a second switch connecting the current measuring port to one of the four electrodes under the control of the
processor;

a third switch connecting the first voltage measurement port to one of the four electrodes under the control of
the processor; and

a fourth switch connecting the second voltage measurement port to one of the four electrodes under the control
of the processor.

13. The electronic device of claim 12, wherein the circuit element comprises an electronic component that removes a
DC component from an electrical signal flowing from the current-voltage measurement module to the bio-contact

circuit.

14. The electronic device of claim 13, wherein the circuit element comprises a first circuit element connected to the first
electrode, a second circuit element connected to the second electrode, a third circuit element connected to the third
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electrode, and a fourth circuit element connected to the fourth electrode,

wherein the first circuit element is connected to one of the feeding port, the current measurement port, the first
voltage measurement port, and the second voltage measurement port by means of the first switch,

wherein the second circuit element is connected to one of the feeding port, the current measurement port, the
first voltage measurement port, and the second voltage measurement port by means of the second switch,
wherein the third circuit element is connected to one of the feeding port, the current measurement port, the first
voltage measurement port, and the second voltage measurement port by means of the third switch, and
wherein the fourth circuit element is connected to one of the feeding port, the current measurement port, the
first voltage measurement port, and the second voltage measurement port by means of the fourth switch.

15. The electronic device of claim 13, wherein the circuit element comprises a first circuit element connected to the
feeding port, a second circuit element connected to the current measurement port, a third circuit element connected
to the first voltage measurement port, and a fourth circuit element connected to the second voltage measurement port,

wherein the first circuit element is connected to one of the four electrodes by means of the first switch,
wherein the second circuit element is connected to one of the four electrodes by means of the second switch,
wherein the third circuit element is connected to one of the four electrodes by means of the third switch, and
wherein the fourth circuit element is connected to one of the four electrodes by means of the fourth switch.
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